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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To improve gradation display performance 
observed particularly from the main viewing angle in an 
active matrix type liquid crystal display device. 
CONSTITUTION: Liquid crystals 1 1 are held between 
two sheets of substrates 1a and 1b and pixels are 
arranged in a matrix form on the plane of this substrate 
la. These pixels are formed of plural subpixels 12a, 12b 
and have means for impressing voltages of the 
magnitude varying from each other on the respective 
liquid crystal layers constituting these plural sub-pixels 
12a, 12b. The display area ratios of the plural sub-pixels 
12a, 12b of the pixels and the driving voltage differences 
of the light quantity-signal voltage characteristics of the 
respective sub-pixels 12a, 12b are so set that the light 
quantity-signal voltage characteristics at an angle of 
inclination of 0 to 40° from the perpendicular of the 
substrate 1a long the major axis direction of the liquid 
crystal molecules existing in the middle of the liquid 
crystal layers at the time of no-voltage impression 
decrease monotonously. 





http://wwwl9.ipdl.inpit.go.jp/PAl/result/detaiI/main/wAAA8Faqu5DA408201777Pl .... 2009/09/1 1 



JP,08-201777,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A liquid crystal is pinched by two substrates and a pixel is arranged by matrix form on a 
flat surface of said substrate, Said pixel is formed by two or more sub-picture elements, and it 
has a means to impress voltage of a mutually different size to each liquid crystal layer which 
constitutes said two or more sub-picture elements. The light volume-signal-level characteristic 
which an angle of inclination from an altitude of said substrate along a major axis direction of a 
liquid crystal element located in the middle of a liquid crystal layer at the time of impressing no 
voltage observed from a position which are 0 degree - 40 degrees Monotone decreasing. Or a 
liquid crystal display characterized by setting up a driver voltage difference of a display surface 
product ratio of two or more sub-picture elements of said pixel, and the light volume-signal-level 
characteristic of each sub-picture element so that a monotone increase may be carried out. 
[Claim 2]The liquid crystal display according to claim 1, wherein a pixel comprises two sub- 
picture elements. 

[Claim 3]In V< 1 .Ogamma of -0.5 V<gamma-delta, driver voltage difference deltaV of the light 
volume-signal-level characteristic observed from a device transverse plane of two sub-picture 
elements is =|V1 0-V90|deltaV=V50 -V50 (here). In the light volume-signal-level characteristic of 
a sub-picture element of a direction that voltage with V10, V50, and V90 is impressed, [ high to 
a liquid crystal layer ] Are a signal level which will be 10%, 50% T and 90% to the maximum light 
volume, and similarly V50', The liquid crystal display according to claim 2 setting as the range of 
being a signal level which will be 50% to the maximum light volume in the light volume-signal-level 
characteristic of a sub-picture element of a direction that low voltage is impressed to a liquid 
crystal layer. 

[Claim 4]The liquid crystal display according to claim 3, wherein a range of a display surface 
product ratio of two sub-picture elements is 9:1 to 6:4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the composition which improves the visual angle 

characteristic in a liquid crystal display. 

[0002] 

[Description of the Prior Art]First, the composition of the liquid crystal display driven using 
drawin g 1 1 and drawing 12 by the conventional thin film transistor (referred to as TFT) array 
substrate is shown. The sectional view which set drawing 11 (a) to the plane constitution figure 
of the TFT-liquid-crystal display, set drawing 11 (b) to drawing 1 1 (a), was cut by a-a' and b~b\ 
and was seen from the transverse direction, and drawing 1 2 are the representative circuit 
schematics of 1 pixel of this TFT-liquid-crystal display. 

[0003]A manufacturing method forms first the transparent electrode 2 which drives the liquid 
crystal of the pixel 12 on the clear glass board 1a. Next, the silicon oxide 3 is made to deposit as 
an insulator. And the gate electrode 4 is formed with metal, such as chromium. And the silicon 
nitride film 5 which works as gate dielectric film of TFT15 is made to deposit on it. Next, the 
semiconductor layer 6 which constitutes TFT15 is formed. With the voltage impressed to the 
gate electrode 4, the resistance changes and the semiconductor layer 6 gives the function as a 
switch element. Next, the contact holes 7a and 7b are opened in the insulating film layer of the 
silicon oxide 3 on the transparent electrode 2, and the silicon nitride film 5, and some 
transparent electrodes 2 are exposed. Next, the source electrode 8a, the drain electrode 8b, and 
the additional-capacities electrode 8c are simultaneously formed using metal, such as aluminum. 
At this time, via the contact hole 7a opened on the transparent electrode 2, the drain electrode 
8b is formed so that the drain electrode 8b and the transparent electrode 2 may connect, and in 
a similar manner, via the contact hole 7b, it is formed so that the additional-capacities electrode 
8c and the transparent electrode 2 may connect. The additional capacities 14 are formed 
between the additional-capacities electrode 8c and gate electrode 4' of the preceding paragraph, 
and these additional capacities 14 serve as composition arranged in parallel with the pixel 12. A 
TFT array substrate is completed by the above process. Another substrate 1b with which the 
black stripe 9 was formed in part, and the transparent electrode 10 deposited this substrate on 
the whole surface after that, and the gap of about 5 micrometers are formed and pasted 
together, and the liquid crystal 1 1 is poured in in between, and a polarizing plate is arranged on 
the each outside of two substrates. 

[0004]Next, the drive method of the conventional TFT-liquid-crystal display is explained using 
drawing 13. TFT15 will work as a switch element and TFT15 on this gate electrode 4 will be in an 
ON state by pulse signal V (G) inputted into the gate electrode 4. And the signal V (S) supplied 
to the source electrode 8a is supplied to the pixel 12 via TFT15 used as this ON state. The fixed 
voltage V (Com) is impressed to the transparent electrode 10 of another substrate 1b. As a 
result, the arbitrary voltage Vic is impressed between the pixel 1 2 and the transparent electrode 
10, the array state of the liquid crystal element 1 1 which intervenes with the size of that voltage 
changes, and the polarization direction of the light which passes this liquid crystal layer changes. 
The polarizing plate is arranged respectively at the outside of two substrates. Here, the 
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polarization axis of two polarizing plates explains the case where it is set up so that the angle to 
accomplish may be about 90 degrees. By this, when voltage is not impressed to a liquid crystal 
layer, it becomes the display of bright state, and when voltage is impressed, it becomes the 
display of a dark condition (************ is called no Moray white mode to such arrangement of 
a polarizing plate). 
[0005] 

[Problem(s) to be Solved by the Invention] First, the visual angle characteristic of TFT-LCD in 
the former is explained. Drawing 14 shows the luminance property over the driver voltage of a 
liquid crystal display in the TFT-liquid-crystal display in the conventional no Moray white mode. 
Drawing 1 4 (a) shows the luminance property over driver voltage when it sees from the front 
(theta= 0 degree) of a liquid crystal display, and drawing 1 4 (b) shows the luminance property 
over driver voltage when a viewpoint is leaned and seen to down [ of a liquid crystal display ] (it 
is called theta> 0 degree and the main visual angle direction). 

[0006]When the orientation directions 21a and 21b of the liquid crystal element of each 
substrate which the liquid crystal was pinched between the two clear glass boards 1a and 1b, 
and was regarded as down from the perpendicular direction of a substrate here as shown in the 
following figure of d rawin g 1 5 consider it as the direction of an arrow, The above figure (what 
showed the thing when voltage was impressed between two substrates and the liquid crystal 
element rose) which carried out splitting of the following figure in respect of a-a\ and was seen 
from the transverse direction is defined as the time of leaning a viewpoint rightward. The viewing 
angle in this invention shows the degree of angle of inclination of the viewpoint from the altitude 
of a substrate. 

[0007]As shown in drawing 1 4 (a), when indicating by 8 gradation in the conventional liquid 
crystal display, it sees from the front (0 degree) first, luminosity is considered as 8th grade 
division (B1, B-2, — , B8), and a voltage level (V1, V2, — , V8) is set up to each luminance level. 
On the other hand, while shifting a luminosity-driver voltage curve to the low driver voltage side 
compared with the time of theta= 0 degree as shown in drawing 14 (b) when a viewpoint is 
leaned to the main visual angle direction, a new peak appears in the high driver voltage side, If 
the luminance level (B1\ B-2', — , B8') to each voltage level is looked at in this state, the 
luminance level of B6' and B7* will be reversed according to the new peak which appeared in the 
high— tension side. This is called a tone reversal phenomenon and it is visually visible as a picture 
like the negative of a photograph. In high luminance parts (between BV and B-2' etc.), the 
difference between luminance levels becomes large, and, on the other hand, the difference 
between luminance levels becomes small by a low luminance part. This is visible as a very dark 
picture in viewing compared with the picture seen from the transverse plane (it is called a black 
crushing phenomenon). As mentioned above, in the conventional liquid crystal display, when the 
viewpoint was leaned to the main visual angle direction, there was a problem that a gradation 
display got worse considerably. 

[0008]This invention solves the above-mentioned problem and it aims at improving the gradation 
display performance observed especially from the main visual angle direction in an active matrix 
type liquid crystal display, 
[0009] 

[Means for Solving the Problem]In a liquid crystal display in no Moray white mode in order to 
solve an aforementioned problem, this invention, A liquid crystal is pinched by two substrates 
and a pixel is arranged by matrix form on a flat surface of said substrate, Said pixel is formed by 
two or more sub-picture elements, and it has a means to impress voltage of a mutually different 
size to each liquid crystal layer which constitutes said two or more sub-picture elements, The 
luminosity-voltage characteristic in 0 degree - 40 degrees of angles of inclination from an 
altitude of said substrate along a major axis direction of a liquid crystal element located in the 
middle in a liquid crystal layer in a section of said substrate Monotone decreasing. Or a display 
surface product ratio of each sub-picture element and a driver voltage difference of each sub- 
picture element are optimized so that a monotone increase may be carried out. 
[0010] 

[Function] Like dramng L 2Jn which the light volume-signal-level characteristic of the pixel which 
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observed the viewpoint from the main visual angle direction is shown by the above-mentioned 
composition, although the sub-picture element 1 is the same characteristic as the former, Let 
the sub-picture element 2 be the characteristic which shifted only arbitrary voltage to the high 
signal voltage (high driver voltage) side to the sub-picture element 1 by impressing low voltage 
to a liquid crystal layer using arbitrary means. By making the display surface product ratio of 
each sub-picture element into any value, the light volume of each sub-picture element is 
controlled. And the light volume of one pixel adds the light volume of these two sub-picture 
elements. Here, in each sub-picture element, the peak which causes a tone reversal 
phenomenon at the high signal voltage side exists. However, in order that the peak of each sub- 
picture element may negate mutually the characteristic of 1 pixel of adding these, it serves as a 
smooth curve which carries out monotone decreasing, for example. The tone reversal 
phenomenon observed conventionally is lost by this. In a 1 -pixel light volume-signal-level curve, 
compared with the former, inclination becomes loose. As stated previously, a light volume- 
signal-level curve is shifted to the low signal-level (low driver voltage) side by leaning a 
viewpoint to the main visual angle direction. Since the shift amount of this voltage is not 
different from the conventional composition, when indicating by gradation, the light volume 
difference between each level of this invention becomes uniform compared with the difference of 
the light volume of each level of the conventional composition. The black crushing phenomenon 
observed conventionally is eased by this. In this invention, display performance is considerably 
improved in the viewing angle of the main visual angle direction compared with the former as 
mentioned above. 

[001 1]By the way, a thing given in JP,2-12,A, Two or more sub-picture elements which 
constitute a pixel are driven on white and two black levels using the white independent of a 
viewing angle, and a black level, and the number of the sub-picture elements which perform 
white or a black display performs the gradation display (display of a gray level) independent of a 
viewing angle. On the other hand, by setting two or more sub-picture elements which constitute 
a pixel as a suitable driver voltage difference and a display surface product ratio, the thing of this 
invention mainly improves the light intensity-signal-level characteristic of a lower visual angle 
direction, raises gradation display performance, and differs from the composition of the above- 
mentioned gazette. 
[0012] 

[Example]The 1st example is described with drawing 1 - 5. Drawing/! is the light volume-signal- 
level characteristic of each pixel of the TFT-liquid-crystal display observed from the transverse 
plane in the 1 st example. Drawi ng 2 is the light volume-signal-level characteristic of each pixel 
of the TFT-liquid-crystal display observed from the lower viewing angle of theta= 40 degrees. 
The section lineblock diagram which set drawing 3 (a) to the plane constitution figure of the 
TFT-liquid-crystal display, set drawing 3 (b) to drawing 3 (a), was cut by a-a\ and was seen from 
the transverse direction, and draw i ng 4 are the representative circuit schematics of 1 pixel of 
the TFT-liquid-crystal display. Draw ing 5 is the light volume-signal-level characteristic of the 
TFT-liquid-crystal display observed in the range with a lower viewing angle of theta= 0-60 
degrees, drawing 5 (a) is the characteristic of this example, and drawing 5 (b) is the 
characteristic of the conventional TFT-liquid-crystal display. 

[0013]The making process of this TFT-liquid-crystal display is explained making drawing 3 and 
drawing 4 refer to it first. First, the transparent electrode 2a and 2b which drive the liquid crystal 
of the sub-picture elements 12a and 12b are formed on the clear glass board 1a. Next, the 
silicon oxide 3 is made to deposit as an insulator layer. And the gate electrode 4 of TFT is 
formed with metal, such as chromium. And the silicon nitride film 5 which works as gate 
dielectric film of TFT15 is made to deposit on it. Next, the semiconductor layer 6 which 
constitutes TFT1 5 is formed. With the voltage impressed to the gate electrode 4, the resistance 
changes and the semiconductor layer 6 gives the function as a switch element. Next, the contact 
holes 7a and 7b are opened in the insulating film layer of the silicon oxide 3 on the transparent 
electrode 2a, and the silicon nitride film 5, and some transparent electrodes 2a are exposed. 
Next, the source electrode 8a, the drain electrode 8b, additional capacities, and the control 
capacity electrode 8d are simultaneously formed using metal, such as aluminum. At this time, via 
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the contact hole 7a opened on the transparent electrode 2a f the drain electrode 8b on the 
transparent electrode 2a is formed so that the drain electrode 8b and the transparent electrode 
2a may connect. Via the contact hole 7b opened on the transparent electrode 2a, the additional 
capacities and the control capacity electrode 8d on the transparent electrode 2a are formed so 
that additional capacities and the control capacity electrode 8d, and the transparent electrode 
2a may connect. The control capacity 13 is formed between additional capacities and the control 
electrode 8d r and transparent electrode 2b, and this control capacity 13 serves as composition 
connected with the sub-picture element 12b in series. The additional capacities 14 are formed 
between additional capacities and the control capacity electrode 8d, and gate electrode 4* of the 
preceding paragraph, and these additional capacities 14 serve as composition arranged in parallel 
with the sub-picture element 12a and the sub-picture element 12b. A TFT array substrate is 
completed by the above process. Another substrate 1b with which the black stripe 9 was formed 
in part, and the transparent electrode 10 deposited this substrate on the whole surface after 
that and the gap of about 5 micrometers are formed and pasted together, and the liquid crystal 
10 is poured in in between. And a polarizing plate is arranged so that the angle of two substrates 
which the polarization axis of two polarizing plates accomplishes outside respectively may be 90 
degrees. 

[0014]In this example, as shown in the equivalent circuit of drawing 4, the signal level (Vs) from 
the source electrode supplied to the sub-picture element 12a from TFT15 is supplied to a liquid 
crystal layer as it is. Since the sub-picture element 12b, on the other hand, serves as the 
composition that the control capacity 13 (Cc) formed between additional capacities, and the 
control capacity electrode 8d and transparent electrode 2b was connected with the pixel 
capacity 12b (Clc2) in series, The signal level (Vs) supplied from TFT15 is divided into the 
control capacity 13 and the pixel capacity 12b, and low voltage is impressed to the pixel 12b as 
compared with the pixel 12a. When this is expressed with a formula, it is Vld=VsVlc2=Vsx (Cc/ 
(Clc2+Cc)). 

It is set to a next door, as a result Vlc2<Vlc1. Therefore, the light volume-signaHevel 
characteristic of the sub-picture element 2 that the voltage of low Vlc2 is impressed shifts to 
the high signal voltage side. 

[0015]Here, the ratio of Cc:Clc2 (V50) set up Cc so that it might be set to 9:5. This liquid- 
crystal— capacity Clc2, that capacity value changes with the impressed voltage value of the 
arrangement of a liquid crystal element, Le., the direction. Clc2 (V50) is capacity value in case 
the light volume from the sub-picture element 12b will be 50% to the maximum light volume at 
the time of impressing no voltage (a liquid crystal element is arrangement almost in parallel with 
a substrate) here. As a result, in the light volume-signal-level characteristic observed from the 
front direction shown by drawing 1 , driver voltage difference deltaV of the inclination gamma and 
the sub-picture element 1 of the light volume-signal level of the sub-picture element 1 T and the 
sub-picture element 2 was set up as follows. 

[0016]V= 0.3v of gamma=V 10-V90=1.3 VdeltaV=V 50-V50=1.0V gamma-delta here V10, V50, 
and V90, In the light volume-signaHevel characteristic of the transverse plane of the sub- 
picture element 1, they are a signal level which will be 10%, 50%, and 90% to the maximum light 
volume at the time of impressing no voltage, and a signal level which will be 50% to the maximum 
light volume at the time of impressing no voltage in the light volume-signal-level characteristic 
of the transverse plane of the sub-picture element 2 in a similar manner. 

[0017]The ratio of the display surface products 20a and 20b of the sub-picture element 1 and 
the sub-picture element 2 shown by drawing 3 (a) was set to 7:3. As a result, as shown in the 
light volume-signal-level characteristic with a lower viewing angle of theta= 40 degrees of 
drawing 2, the smooth characteristic which carried out monotone decreasing of the light volume- 
signal-level characteristic of 1 pixel of having doubled the sub-picture element 1 and the sub- 
picture element 2 is obtained. As shown in drawing 5 , in the characteristic of the conventional 
TFT-liquid-crystal display of drawing 5 (b), it turns out that it is canceled in all the angles as by 
performing this example shows the tone reversal phenomenon observed in the range with a lower 
viewing angle of 0-60 degrees to drawing 5 (a). 

[0018]As for this gamma-delta V, the smooth characteristic to which the ratio of -0.2 
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V<gamma-delta V<0.8V and the display surface product of the sub-picture element 1 and the 
sub-picture element 2 carried out monotone decreasing of the light volume-signal-level 
characteristic of 1 pixel similarly in the range of 8:2 to 6:4 is obtained, 

[001 9]The tone reversal phenomenon observed conventionally is canceled by having the above 
composition. In a 1 -pixel light volume-signal-level curve, compared with the former, inclination 
becomes loose. As stated previously, in the case where it indicates by gradation, the light 
volume difference between each gradation level in the viewing angle of the main visual angle 
direction becomes uniform compared with the former. The black crushing phenomenon observed 
conventionally is eased by this. By performing this example above, display performance is 
considerably improved in the viewing angle of the main visual angle direction compared with the 
former. 

[0020]Next, the 2nd example is described with drawing 6 - 10. Drawin g 6 is the light volume- 
signal-level characteristic of each pixel of the TFT-liquid-crystal display observed from the 
transverse plane of the 2nd example. Drawing 7 is the light volume-signal-level characteristic 
observed from theta- 40 degrees. Drawing 8 is a plane constitution figure of a TFT-liquid-crystal 
display, and dra win g 9 is a representative circuit schematic of 1 pixel of the TFT-liquid-crystal 
display. Drawing 10 shows the signal waveform diagram which drives this TFT-liquid-crystai 
display. 

[0021]The composition of this TFT-iiquid-crystal display is explained making drawing 8 and 
drawing 9 refer to it first. The making process is the same as the 1st example. Two TFT15a and 
15b are formed in one pixel in the 2nd example. And the sub-picture elements 12a and 12b linked 
to each TFT1 5a and 1 5b are formed. And the additional capacities 1 4a and 1 4b are further 
formed in each sub-picture elements 12a and 12b respectively. The additional capacities 14a and 
14b are formed between the additional-capacities electrode 8c, 8c', and gate electrode 4' of the 
preceding paragraph. 

[0022]Next, the drive method of this TFTHiquid-crystal display is explained with drawing 10 . 
Here, the signal with which V (Gn) is supplied to the gate electrode 4, the signal with which V 
(Gn-1) is supplied to gate electrode 4 1 of the preceding paragraph, the signal with which V (S) is 
supplied to the source electrode 8a T and V (Ic) show the signal wave form impressed to each 
sub-picture element. TFT15a and 15b will work as a switch element, and TFT15a on this gate 
electrode and 15b will be in an ON state by pulse signal V (Gn) supplied during the four gate 
electrodeT2. And the signal V (S) supplied to the source electrode 8a is respectively supplied to 
the pixels 12a and 12b in a similar manner via TFT15a used as this ON state, and 15b. Next, V 
(Ic) changes with the modulating signals of the signal V (Gn-1) supplied to gate electrode 4' of 
the preceding paragraph in the end of the period of T3, And this variation is dependent on the 
size of additional-capacities Cstl of each sub-picture element, Cst2, liquid-crystal-capacity 
Clc1, Clc2, capacity Cgd1 between gate drains, and Ggd2. By changing ones of these values by 
the sub-picture elements 1 and 2, the pressure value impressed to the liquid crystal of each 
sub-picture element can be changed like Vlc1 and Vlc2, Voltage Vlc1 impressed to each sub- 
picture element and Vlc2 can be expressed with the following formulas. 
[0023] 

Vlc1=Vs+(Cst1/Ctotal1) xVge Ctotal1=Cst1+Clc1+Cgd1 Vlc2=Vs+(Cst2/Ctotal2) xVge 
Ctotal2=Cst2+Clc2+Cgd2 — here — Vge=12V. (Cstl/CtotaM) It was set as =0.53 and - 
(Cst2/Ctotal2) 0.29. As a result, driver voltage difference deltaV of the inclination gamma and 
the sub-picture element 1 of the light volume-signal level of the sub-picture element 1, and the 
sub-picture element 2 observed from the transverse plane shown by drawing 6 was set up as 
follows. 

[0024]The ratio of gamma=V 10-V90=1.7 VdeltaV=V 50-V50=1.5V gamma-delta V=0.2V and the 
display surface products 20a and 20b of the sub-picture element 1 and the sub-picture element 
2 shown by draw ing 8 was set to 8:2. 

[0025]As for this gamma-delta V t the smooth characteristic to which -0.4 V<gamma-delta 
V<0.6V and the ratio of the display surface products 20a and 20b carried out monotone 
decreasing of the light volume-signal-level characteristic of 1 pixel similarly in the range of 9:1 to 
7:3 is obtained. 
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[0026]The tone reversal phenomenon observed conventionally is lost by having the above 
composition. In a 1 -pixel light volume-signal-level curve, compared with the former, inclination 
becomes loose. As stated previously, when indicating by gradation, the light volume difference 
between each level becomes uniform compared with the difference of the light volume of each 
level of the conventional composition. The black crushing phenomenon observed conventionally 
is eased by this. By performing this example above, display performance is considerably improved 
in the viewing angle of the main visual angle direction compared with the former. 
[0027] 

[Effect of the Invention]As mentioned above, by setting two or more sub-picture elements which 
constitute a pixel as a suitable driver voltage difference and a display surface product ratio, in 
the viewing angle of the main visual angle direction, it is improved, the light intensity-signal-level 
characteristic can improve display performance considerably compared with the former, and, 
according to this invention, the tone reversal phenomenon observed conventionally is lost. When 
a 1 -pixel light volume-signal-level curve becomes loose and inclination indicates by gradation 
compared with the former, the light volume difference between each level becomes uniform 
compared with the difference of the light volume of each level of the conventional composition. 
The black crushing phenomenon observed conventionally is eased by this. The liquid crystal 
display of this invention can be produced by the almost same conventional method, and in order 
to realize this liquid crystal display, there is almost no increase in cost. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

LDraw[ng;_1_lThe light volume-signal-level characteristic figure from each pixel of the TFT-liquid- 
crystal display observed from the transverse plane in the 1st example of this invention 
[Drawing 2] The light volume-signal-level characteristic figure of each pixel of the TFT-liquid- 
crystal display observed from the lower viewing angle of theta= 40 degrees in the 1st example of 
this invention 

[Drawing 3j At the 1st example of this invention, as for (a), the plane constitution figure of a 
TFT-liquid-crystal display and (b) are the section lineblock diagram which was cut by a-a' and 
seen from the transverse direction in (a). 

[Drawing 4]The representative circuit schematic of 1 pixel which is a TFT-liquid-crystal display 
in the 1st example of this invention 

[Drawing 5] lt is the light volume-signal-level characteristic (what expanded the scale of the 
vertical axis and expanded the tone reversal part) observed in the range with a lower viewing 
angle of theta= 0-60 degrees, and as for (a), it is the 1st example of this invention and (b) is a 
characteristic figure of the conventional TFT-liquid-crystal display. 

[Drawing 6]The light volume-signaHevel characteristic figure of each pixel of the TFTHiquid- 
crystal display observed from the transverse plane in the 2nd example of this invention 
[Drawing 7]The light volume-signal-level characteristic figure of each pixel of the TFT-liquid- 
crystal display observed from the lower viewing angle of theta= 40 degrees in the 2nd example of 
this invention 

[D rawing 8] The plane constitution figure which is a TFT-liquid-crystal display in the 2nd example 
of this invention 

[Drawing 9] The representative circuit schematic of 1 pixel which is a TFT-liquid-crystal display 
in the 2nd example of this invention 

[Drawing 10]Each signal waveform diagram which drives a TFT-liquid-crystal display in the 2nd 
example of this invention 

[Drawing 1 1]At a conventional example, as for (a), the plane constitution figure of a TFT-liquid- 
crystal display and (b) are the section lineblock diagram which was cut by a~a' and b-b 1 and was 
seen from the transverse direction in (a). 

[Drawing 12]The representative circuit schematic of 1 pixel which is a TFT-liquid-crystal display 
in the 2nd example of this invention 

[Drawing 13]Each signal waveform diagram which drives a TFT-liquid-crystal display by a 
conventional example 

[Drawing 14]The mimetic diagram of the luminosity-driver voltage characteristic of the liquid 
crystal display observed at each angle of theta= 0 degree and theta> 0 degree by the 
conventional example 

[Drawing 15]The mimetic diagram showing a viewpoint when measuring the visual angle 

characteristic of a liquid crystal display 

[Description of Notations] 

1 a, 1 b glass substrate 

2a and 2b Transparent electrode 
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3 Silicon oxide 

4 and 4' gate electrode 

5 Silicon nitride film 

6 Semiconductor membrane 
7a and 7b Contact hole 

8a Source electrode 

8b, an 8b* drain electrode 

8c and 8c' Additional-capacities electrode 

8 d Additional capacities and control capacity electrode 

9 Black matrix 

10 Transparent electrode 

1 1 Liquid crystal 

12a and 12b Pixel (or pixel capacity) 
13 Control capacity 

14, 14a, and 14b Additional capacities 

15, 15a, 15b thin film transistor (TFT) 

20a The indicator of the sub-picture element 1 
20b The indicator of the sub-picture element 2 

21a and 21b The direction of the orientation treatment of a liquid crystal element 



[Translation done.] 
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